Eddy-current (EC) displacement sensors are used in a device for measuring the shaft vibration of turbines. An EC displacement sensor is composed of a sensor probe and an impedance/output voltage converter. In a power plant in the U.S., the type of the sensor probe and the displacement from the turbine shaft to the tip of the sensor probe (displacement ) are not controlled. For this reason, when only the converter breaks down, the plant is stopped and dismantled, and both the converter and the sensor probe are replaced. This results in two problems, i.e., the unstable supply of electric power when the power plant is stopped and the high cost of dismantling the plant. If both the type of the sensor probe and are identified during turbine operation, the aforementioned problems could be solved. In this paper, we describe that the three types of the sensor probe and can be identified by comparing the measured the maximum quality factor (max) and frequency at (max) with the (max) versus characteristics of sensor probes.
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I. INTRODUCTION
E DDY-CURRENT (EC) displacement sensors are used in a device for measuring the shaft vibration of turbines [1] , [2] . An EC displacement sensor is composed of a sensor probe and an impedance/output voltage converter [3] . In a power plant in the U.S., the type of the sensor probe and the displacement from the turbine shaft to the tip of the sensor probe (displacement ) are not controlled. Moreover, the probability of the breakdown of the converter composed of electronic parts is higher than that of the sensor probe composed of a coil and a coaxial cable. For this reason, when only the converter breaks down, the plant is stopped and dismantled, and both the converter and the sensor probe are replaced. This results in two problems, i.e., the unstable supply of electric power when the power plant is stopped and the high cost of dismantling the plant [4] . If both the type of the sensor probe and are identified during turbine operation, the aforementioned problems could be solved.
In this paper, we examine a method for identifying the type of the sensor probe and by comparing the measured the maximum quality factor and frequency at with the versus characteristics of sensor probes, and describe the following: 1) a method for identifying the type of the sensor probe; 2) a method for identifying the displacement .
II. IDENTIFICATION PRINCIPLE
In this section, first, the structure of the EC displacement sensor, the principle of operation, and the type of the sensor probe are explained. Second, the identification principle of the type of the sensor probe and is explained. Fig. 1 shows the structure of the EC displacement sensor. The coil with the number of turns is placed at the sensor tip. The coil and converter are connected by a coaxial cable. In this study, we used sensor probes with the coaxial cable lengths and 9 m. These lengths are actually used in power plants [1] . The measuring object is made of chromium molybdenum steel, which is the shaft material of the generator and steam turbine. The chromium molybdenum steel is used in the heat treatment of annealing [5] . The flux is produced when the exciting current flows to the coil, and it changes with the structure of each sensor probe. When affects the measuring object, the eddy current flows to this object and the flux arises in the direction that cancels . Therefore, when changes with , the resistance and inductance of the coil also change. Table I shows the structural parameters of the coil. Three types of the sensor probes that are representative of those actually used for shaft vibration detection in power generation turbines were investigated. The structures of the coil and cable differ in each sensor probe. The quality factor of the sensor probe is given by [6] (1) where and are the imaginary and real parts of the impedance of the sensor probe, respectively, is the angular frequency ( , rad/s), is the resistance of the sensor probe, is the inductance (H) of the sensor probe, and is the exciting frequency (Hz). Fig. 2 shows the principle of identifying the type of the sensor probe. This figure also shows the frequency characteristics of the quality factors of Probe X and Probe Y at . is the maximum quality factor, and is the frequency at the largest . The impedance of the sensor probe changes depending on the structure of the sensor probe. Therefore, the identification of the sensor probe is possible by measuring and comparing the frequency characteristics of the quality factors of Probe X and Probe Y. Fig. 3 shows the principle of identifying . This figure also shows the frequency characteristics of the quality factors of Probe X at and . due to , which flows in the measuring object, depends on . For this reason, the resistance and inductance of the coil change with , and consequently, the frequency characteristics of depend on . In brief, by measuring and comparing the frequency characteristics of at and of each sensor probe, it is also possible to identify . 
III. RESULTS OF MEASUREMENTS
In this section, the measured values of the impedance characteristics in each sensor probe and are shown, and we clarify that the versus characteristics differ with the type of the sensor probe and . Fig. 4 shows the frequency characteristics of , and of the sensor probes with a 5 m coaxial cable at mm used as the parameter of the type of the sensor probe. Using an impedance analyzer (Agilent, 4294A), the impedance characteristics are measured in the frequency range from 100 kHz to 1 MHz. When the frequency characteristics of the sensor probe are measured, a portion (200 mm) of the sensor probe is placed in the temperature-controlled bath (Espec, SH-221). The temperature-controlled bath is set at -C. In Fig. 4(a) and (b), the frequency characteristics of and of Probe B and Probe C are similar. However, in Fig. 4(c) , the frequency characteristics of of Probe B and Probe C differ. Therefore, and at differ with the type of the sensor probe. From the aforementioned result, the identification of the type of the sensor probe is possible. Fig. 5 shows the frequency characteristics of , and of the sensor probes with a 9 m coaxial cable at mm used as the parameter of the type of the sensor probe. The results shown in Fig. 5 are the same as those in Fig. 4 .
1) Identification of Type of Sensor Probe:
2) Identification of Displacement : Fig. 6 shows the frequency characteristics of , and of Probe A with the cable length m used as the parameter of . Since the measuring range of Probe A is 2 mm, is set from 0.8 to 1.8 mm. In Fig. 6(a) , decreases with increasing , because decreases with increasing . For this reason, increases, as shown in Fig. 6(c) . Moreover, and at differ with , as shown in Fig. 6(c) . From the aforementioned result, it is possible to identify .
IV. IDENTIFICATION METHOD
In this section, the identification method is clarified based on the measurement results as shown in Section III. Fig. 7 shows the frequency characteristics of with the cable lengths and 9 m at C. and were determined using the frequency characteristics of of the sensor probes. and values of all the sensor probes increase with . They differ with the type of the sensor probe and , as shown in Fig. 7 . Therefore, when a sensor probe whose type and are unknown is installed, the identification of the type of the sensor probe and is possible by comparing the measured the versus characteristics of the sensor probe with those shown in Fig. 7 . Moreover, the versus characteristics were measured in the temperature range from C to 120 C. Even if the environmental temperature changes, the identification of the type of the sensor probe and was possible.
By using this method, when the power plant is operating, the identification of the type of the sensor probe and becomes possible.
V. CONCLUSION

1) Identification of Type of Sensor Probe:
It was clarified that the versus characteristics differ with the structure of the sensor probe. Therefore, the identification of the type of the sensor probe is possible by measuring and comparing the characteristics of the sensor probe, during turbine operation.
2) Identification of Displacement :
The versus characteristics differ with . Therefore, the identification of is possible by measuring and comparing the characteristics of the sensor probe. By using this method, it was clarified that the identification of is possible, during turbine operation.
